Objective: This study summarizes research progress on human papillomavirus (HPV) infection and carcinogenesis mechanism, curative effect, and prognosis of oropharyngeal epithelium. Methods: By using Medline and PubMed database retrieval system and "HPV, oropharyngeal cancer" as keywords, we searched relevant literature from January 1998 to June 2012 and incorporated results into the following criteria: 1) biological characteristics of HPV; 2) carcinogenic mechanism and route of HPV transmission; 3) HPV infection rate in oropharyngeal cancer; 4) HPV infection and prognosis of oropharyngeal cancer; and 5) HPV vaccine. A total of 38 articles were analyzed according to incorporated criteria. Results: HPV mainly infects oral mucosa through direct mouth-genital contact. Among general populations, oropharyngeal cancer tissues present higher HPV infection rate than oral mucosal epithelium. Polymerase chain reaction-based detection shows the highest sensitivity and is most widely used in HPV detection. High-risk HPV16/18 is a commonly detected type. HPV-positive oropharyngeal cancer is an independent subtype, displaying unique molecular biological and clinical features. Tumor tissues rare exhibit P53 mutation. Oropharyngeal cancer patients are sensitive to radiotherapy and chemotherapy and display long-term prognosis. Preventive effects of HPV vaccine on oropharyngeal cancer still require elucidation. Conclusion: HPV infection is an important risk and independent prognostic factor of oropharyngeal cancer.
Oropharyngeal cancer refers to tumors that occur in tonsils, sublingual part and soft palate of the tongue, and other parts. Squamous cell carcinoma is the main pathological type and accounts for over 80% of all pathological types. Alcohol and smoking represent the main risk factors of oropharyngeal cancer, but 15% to 20% of patients with oropharyngeal cancer do not feature a smoking history. This finding suggests that other risk factors may be involved in development of oropharyngeal tumors [1] . In recent years, the number of smokers in Europe and the United States gradually reduced, and overall incidence rate of head and neck neoplasms also showed a downward trend each year; incidence rate of oropharyngeal cancer continually increased among young men [2, 3] . These results also prove that other risk factors may be involved in development of oropharyngeal tumors. In 1983, Syrjanen et al. [4] first reported that human oral papillomavirus (HPV) infection was detected in oral squamous cell carcinoma and later discovered that HPV infection also exist in oropharynx, hypopharynx, throat, and other tumors; however, oropharyngeal cancer yields significantly higher positive rate than tumors in the head and neck and other parts [5, 6] . Current research confirmed that HPV-positive oropharyngeal cancer is an independent subt y pe, ex hibiting unique molecular biological and clinical features [2] . This study reviews research progress on HPV infection and carcinogenesis mechanism, prognostic relevance, and vaccine prevention of oropharyngeal cancer.
HPV structure and classification
HPV belongs to the nipple polygonal vacuolar virus family of papillomavirus genus. The virus features a closed circular double-stranded DNA, and its virus particles consist of nucleic acids and capsid proteins. HPV genome can be divided into three regions based on function: 1) early stage region, which is responsible for coding viral replication and relevant proteins for host-cell transformation. Proteins encoded by E6 and E7 genes are related to malignant transformation of host cells and are major carcinogens of HPV; 2) late stage region, which is responsible for coding virus capsid protein; and 3) long-term control region, which is mainly responsible for regulating viral DNA replication and transcription [7, 8] . HPV features high variety of species and tissue specificity. This virus mainly infects the human skin and mucous membrane tissues, causing benign lesions or malignant tumors. Based on type and risk level of cervical cancer, HPV can be divided into high-risk, probable high-risk, and low-risk [9] HPV: among these groups, low-risk types include HPV6, 11 [8, 10] .
HPV infection rate in oral mucosa and oropharyngeal cancer tissues among healthy people HPV infection may also affect oral mucosa of healthy people. A systematic review in 2010 showed that among healthy individuals, HPV infection rate reached 4.5% (182/4 070) for all types and 3.5% (155/4 441) for high-risk types, of which HPV16 was the most common with an infection rate of 1.3% (51/3977) [11] . In 2012, a large sample of HPV infection among healthy people in the United States showed that oral HPV infection rate totaled 6.9% among healthy people aged 14 to 69 (408/5579); infection rate of HPV16 reached 1.0% (48/5579). HPV infection rate in males was higher than in females, and risk of oral HPV infection is positively correlated with the number of sexual partners and daily smoking [12] . Oropharyngeal carcinoid epithelial tissues manifest signif icantly higher HPV infection rate than normal epithelial tissues. A meta-analysis in 2010 showed 41% HPV-positive rate in oropharyngeal cancer [13] . HPV16
is a primary infection type in oropharyngeal cancer and accounts for over 90% of all HPV infection, followed by HPV18, which accounts for 5% of such cases [14, 15] . Different literature reported significantly different HPV detection rates of oropharyngeal cancer. Positive rate ranges from 8% to 100%. This result is related to geographical origin, location of dissection, sensitivity of detection method to samples, and type and number of samples [16] . Detection methods based on nucleic acid amplification [e.g., polymerase chain reaction (PCR), fluorescent quantitative PCR, and PCR joint in situ hybridization,) are highly sensitive and widely used [17, 18] . HPV is mainly transmitted through sexual contact, but it can also be transmitted through daily contact. Infection site is mainly through anus genitalia. Mechanism of oral mucosa infection with HPV remains to be clarified. Three possible ways were formulated: 1) birth canal transmission: evidence comes from children's recurrent respiratory papilloma, which occurs at the larynx. Newborns are infected with HPV from mother's birth canal during delivery. However, whether oral mucosal HPV infection can continue from neonatal period to adult still requires confirmation. 2) Self transmission: women that are HPV positive in the birth canal display high risks of oral mucosal HPV infection, and risk of oropharyngeal neoplasms in men with genital warts increases by two times, presumably through hands, which transmit HPV to oral cavity [19] . 3) Oral sex transmission: direct contact between mouth and genitals is the main route of transmission for oral HPV infection. Risk of oral HPV infection increases with the number of oral sex partners [20] . Oropharyngeal cancer patients with oral sex experience show significantly higher HPV detection rate in tumor tissues than patients without oral sex experience. Among the youth population in Europe, incidence rate of oral cancer associated with HPV infection increases gradually, and it is presumably related to increase in oral sex among considered individuals [21] . HPV possibly orally spreads among individuals through kissing [12] .
Carcinogenic mechanism of HPVinduced oropharyngeal epithelial cancer HPV is exposed to basal cells through microlesions on the skin or mucous membranes. After the virus removes its capsid protein, its DNA enters host nucleus in bound or unbound form. In most people, HPV infection is transient and latent and can be cleared by host autoimmune system after one to two years [22] . In benign lesions and precancerous lesions, high-risk HPV exists in unbound form. In malignant lesions, virus genes bind to host cell chromosomes. The protein encoded by HPV E6 gene degrades wild-type p53 protein through ubiquitination, whereas the protein encoded by E7 gene binds with cell cycle negative regulation protein, the retinoblastoma Rb protein, and inactivates its function. Inactivation of two important tumor suppressor proteins, p53 protein and Rb 2, leads to deregulation of cell cycle, resulting in accelerated cell proliferation and division and promoted cell malignant transformation [8] . HPV-positive oropharyngeal tumor cells possess low viral content of only dozens of copies/cell, but viral genome is generally integrated into host chromosome [23] . During the 10 to 20 year-course of disease from normal epithelium infected with high-risk HPV to eventually development of malignant tumor, integration of virus occurs during the early stage. Host cells integrate HPV E6 and E7 genes, display selective growth advantage, and may possibly become cancerous during long-term chronic infection.
HPV infection and oropharyngeal tumor prognosis and its mechanism
Most patients with HPV-positive oropharyngeal cancer do not present histories of smoking and drinking, and tumors exhibit unique molecular biological, epidemiological, and clinical characteristics and good prognosis and constitute a subgroup of oropharyngeal tumors [2, 24] . HPV infection is an independent prognostic factor for overall survival and disease-free survival of oropharyngeal cancer. Regardless of whether patients under went surg ica l resection or chemotherapy radiotherapy, HPV-positive tumors in tumor tissues constantly suggest high survival rates [25] . Compared with HPV-negative oropharyngeal cancer, although HPVpositive oropharyngeal cancer shows onset at an early age, poor histopathological differentiation, and early local metastasis, it is more sensitive to radiotherapy and chemotherapy and presents low local recurrence rate, thus indicating good survival prognosis [23, 24] . Higher number of HPV copies in tumor tissues indicates longer overall survival and disease-free survival of patients and significantly reduced probability of tumor recurrence [26] . Although HPV-positive patients with oropharyngeal cancer show good prognosis, when patients claim history or previous history of continuous smoking, their survival, death risk, recurrence interval, and other indicators are inferior to those of nonsmoking HPV-positive patients with oropharyngeal cancer [2, 27, 28] . In assessment of oropharyngeal cancer prognosis, in addition to detecting HPV gene fragments in tumor tissues, we can also detect expression of p16 protein in tumors by immunohistochemical method. p16 protein is negatively regulated by upstream Rb, whereas HPV E7 oncoproteins can inactivate Rb. This condition results in increased p16 expression. Thus, p16 overexpression in oropharyngeal tumor tissues serves as molecular marker of HPV infection and indicator of good patient prognosis [29] . HPV-positive patients with integrated p16 protein overexpression display significantly better survival prognosis than HPV-negative individuals with low expression of p16 protein [30] . Further studies should clarify exact sensibility mechanism of patients with HPV-positive oropharyngeal cancer to radiotherapy and chemotherapy, which both can revive p53 protein function and enhance local immune responses in tumors [14] . Mutation or inactivation of p53 gene is an important factor during tumor formation. In oropharyngeal tumor tissues of HPV-positive patients, p53 protein content is low and mostly corresponds to the wild type. p53 mutation is very common in oropharyngeal tumor tissues of HPVnegative patients. During in vitro intervention experiment on cervical cancer SiHa cells of HPV16-positive patients, cisplatin inhibited expression of E6E7 protein in HPV16, increased p53 protein ex pression, and induced p53 -dependent apoptosis pathway, suggesting that wild-type state of p53 in HPV-positive tumors inf luences sensitivity to radiotherapy and chemotherapy [31] . Radiotherapy and chemotherapy can increase immunogenicity of HPV-positive tumor cells, induce local immune responses, and kill tumor cells while removing viruses [32, 33] .
HPV vaccine with oropharyngeal cancer
Currently, two kinds of HPV-preventive vaccines are listed in the United States: One is tetravalent vaccine Gardasil® , which was developed by Merck mainly for HPV6, 11, 16, and 18. The other is bivalent vaccine Cervarix® developed by GlaxoSmithKline and primarily targets HPV16 and 18.
Considering that healthy men and women may be both infected by HPV, in February 2012, the American Academy of Pediatrics released a new HPV Vaccine Guideline recommending that boys and girls should be vaccinated when they reach 11 or 12 years old; boys can only be vaccinated with tetravalent HPV vaccine, and girls can be vaccinated with both bivalent or tetravalent HPV vaccines [34] . These vaccines provide protection against common HPV16 and HPV18 infection in oropharyngeal cancer. However, further studies should confirm their preventive effects on high-risk oropharyngeal cancer population.
Problems and Prospects
H PV in fection is a n i mpor ta nt pat hogen ic factor of oropharyngeal cancer. Oral-genital direct contact is the main route of HPV infection in oral mucosa. Patients with HPV-positive oropharyngeal cancer are sensitive to radiotherapy and chemotherapy and exhibit good long-term prognosis. Relevant research on HPV and oropharyngeal cancer cannot explain causes of higher HPV infection rate in men than women. Additional research should determine sensibilit y mechanism of patients w ith HPV-positive oropharyngeal cancer to radiotherapy and chemotherapy, whether they should be given active treatment, and whether extensive vaccination of HPV vaccine can ultimately reduce incidence of HPV infection-related oropharyngeal cancer. Answers to these issues will provide important implications for prevention and screening of high-risk groups with oropharyngeal cancer. Findings can also aid in treatment selection for patients and prognosis evaluation.
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